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REMARKS 

si \ i M it it >i 

Claims 20, 24, 35. 37, 50-51 and 54-55 are pending in thi tp k on ( i i v s he 
sole independen ^ m u s ^ > i t w ' ^ t «. 1 ^ 

23, 25-34, 36, 38-49 and 52 were previously canceled without prejudice or disclaimer. 



Claim Rejections under 35 U.S.C. §102 

•Clfciin 53 stands rejected under 35 U.S.C. § 102(b) as being anticipated by U.S. Patent No. 
6,066,581 to Chsviikiiia (hereinafter "Chivukuia"). 

Without conceding the merits of this rejection, claim 53 has been canceled, solely for the 
purpose o tdvani i, thereby f ori e t of claim 53 moo 

Therefore. Applicants respectfully request that this rejection of claim 53 under 35 U.S.C. 
§102 he withdrawn. 

Claim Rejections Under 35 U.S.C. §10 3 

Claims .20, 24, 35, 37, 50, 51, 53. 54 and 55 stand rejected under 35 U.S.C. § 103(a) as 
being unpatentable over U.S. Patent Publication No. 2002/0137260 to Leung (hereinafter 
"Leung") in view of U.S. Patent No. 5,900.223 to Matijevic (hereinafter -'Matijevic"). 

Claim 54 stands rejected under 35 U.S.C, § 103(a) as being unpatentable over Leung in 
view of Matijevic, and in farther view of U.S. Patent No. 5,143,637 to Yokouchl (hereinafter 
"Yokouchl"). 

As mentioned above, without conceding the merits of the rejection, claim 53 has been 

V O t. e >. ) N Cj i » 

With regard to the remaining claims, Applicant ibmi it he i \ i 
)> t ed executed Declarant s lb 11.131 and Exhibit 

, ,e Pe-Cxu u> <>t_ vsith i ': on \er.n ma' - psesem is enters reduced to 
practice the invention disclosed and claimed in the United States prior to January 1 1 . 200 1 , 
which is the filing date of Leung, the primary reference s c ted t pon in tl e abo ce eject m In 
particular, the Declaration states that prior to January 11, 2001, the invention disclosed and 
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claimed in the present application was conceived by the inventors in the United States and was 
reduced to practice by il l < s j i <. -> i >ei si* x 1 h a 

ek-ctbc thi elatne dielectric congest ercan sentia 

solution or dispers n of surfactant-coaied nanop c i es > 3 ^ wherein the 
organic solvent is evaporated after heating and depositing the nanoparticles on a substrate to 
form the dielectric thin film, wherein nanoparticles have a diameter size in a range between 2 nm 
and about 20 nm, and a crystalline structure having a relatively narrow grain -sized distributi* >n, 
wherein the narrow grain-sized distribution has a standard deviation selected from die group 
a >n In'! - 1 lv i 1 <1 I n 

The filing of the Declaration Under 37 C! V R 1.13 1 is not to be construed as an admission, 
estoppel or acquiescence to the rejections. Please see Creole v. Bond 23 F. 3d 1566; 30 USPQ 
2d. 191 1 (Fed, Cir. 1994) and Greenwood v. Button Seiko Co. Ltd 14 USPQ2d 1474, (Fed. Cir. 
1990). 

Furthermore, none of the remaining references, Matijevic and Yokouchi, taken alone or 
in combination, disclose or render obvious the present invention. 

in viev g » m liy request that this rejection of claims 20, 24, 

35, 37, 50, 51, 53, 54 and 55 under 35 U.S.C. §10.3 be withdrawn. 

Disclaimer 

Applicants may not have presented all possible arguments or have refuted the 
characterizations of either the claims or the prior art as found in the Office Action. However, the 
lack oi such lents < ot intended to a < ents 0 

c-meurrerst.e wbh ^u..h eharaeieri/caka;-v 
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onj y sio ; 

In view of the above, consideration and i\ Kv are respectfully solicited 

In the event the Examiner believes an interview might serve in any way to advance the 
prosecution of this application, the undersigned is available at the telephone number noted 
below. 

The Office is authorized to charge any necessary fees to Deposit Account No. 50-0510. 

Applicant believes no fee is due with this response. However, if a fee is due, please 
charge our Deposit Account No. 50-0510, under Order No. YOR920O10225-US2 from which the 
ders gne orized to di 

Dated: September 22, 2010 Respectfully submitted, 



Electronic signature: /Burton A. Amernick/ 
Burton A. Amernick 

Registration No.: 24,852 
Sejal R. Gosalia 

Registration No.: 66.61 1 
CONNOLLY BOVE LODGE & HUTZ LLP 
1 875 Eye Street, NW 
Suite H O0 

Washington, DC 20006 
{202} 33 1-71 11 
(202) 293-6229 (Fax) 
Attorneys for Assignee 
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Docker No.: YOR920010225US2 
{PATENT) 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Patent AppHcafioaofi 
Charles T. Slack at al. 

Application No.: 1 0/784,59! Confirmation No.: 9561 

Filed: February 23, 2004 Art Unit 28 1 8 

For: METHOD FOR FABRICATING Examiner: D. J. Goodwin 

CRYSTALLINE-DIELECTRIC THIN FILMS 
AND DEVICES FORMED USING SAME 



DECLARATION UNDER 37 C.F,it SL131 
Charles Black and Christopher Bruce Murray declare that they are joint inventors of fee 
subject matter which is disclosed and claimed in U.S. patent application Serial Number 
10/784,591 , which was riled in the United States Patent and Trademark OfS.ce on February 23, 
2004, which claims the benefit under 35 USC 120 to parent application Serial Number 
10/266,000, filed in the United States Patent and Trademark Office on October 7, 2002, now US 
Patent 6,737,364, and that they reduced to practice inventions disclosed and claimed in the 
United States prior to January II, 2001, the filing date of US Patent Application 09/761,529 to 
Leung et al,; and further state as follows: 

Prior to January 1 1, 2001, the inventions disclosed and claimed in the above identified 
U.S. Patent Application were conceived by us in the United States and were reduced to practice 
by us an&'or under our direction and/or supervision. Especially, a dielectric £bin film with 
relative dielectric constant greater than i 0 consisting essentially of a solution or dispersion of 
snrfactaM-coated nanoparticles is an organic solvent, wherein the organic solvent is evaporated 
alter heating and depositing the nanoparticles on s substrate to form the dielectric thin film, 
wherein naaopartielas have a diameter size in a range between 2 nra and about 20 nni, and & 
crystalline structure having a relatively narrow grain-sized distribution, wherein the narrow 
grain-sized distribution has a standard deviation selected from the group consisting of less than 
1 5%, less than 1 0% and less than 5%, 
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This is further evidence by Exhibit A (copy attached), which is a true copy with fee dates 
being redacted of the relevant portions of ISM invention Disclosures for YOE2001 Q225US2* 
All of fee dates that have been redacted are prior to January 1 1, 2001 . 

It is not possible to produce the signatures of the inventors Charles Black and Christopher 
Brace Murray. Both Charles Black and Christopher Bruce Murray were employees of 
international Business Machines Corporation and assigned their rights to International Business 
Machines Corporation. Pursuant to MPE? 715.G40XD), the Declaration has been executed by 
the assignee, mteruationai Business Machines Corporation, on behalf of the unavailable 



We hereby declare that ail statements made herein of our own knowledge are true, and 
that ail statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 




September 22 . 2010 fjL ft _ 

DATE Prydr^Garnett, Reg. No, 32,136 

Machines Corporation 
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Lab 

Technology code 

Patent value tool. (PVT; score * . , -i v , . - > • ,s < % 



luventors with a Bisse Pages entry 

flu it A i 1 ' ! \ ! , 1 



InveKtor Nansc 
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Name 

Phone [J 






22/K3Qi> 
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inventors without a Sine Pages entry 



Invention f)es til Information 



A -ton ■ ey /Patent p rofess s on a 1 
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Mass Idea 



To view the Main Idea of this disclosure, open the "Main Idea" document from the view 



*Criticai Questions {Questions 1-9 must be answered in English) 





Question 1 

s ^JHftPi«aM? format tK*. date as V 1 V'YVY 




Question 2 

>t'Uwi u ''m a Mi, o , s. iw iii in ti amone 
ouohde IBM? 






<.sv. svc v < ! vivf ubltshcd oeiow. 




Are yon aware of any publications, products or patents that relate to this invention? jj 




I 1 s ^ t i d us i! f h 1 | nil x 




Question 3 

Has the subject mailer of the invention or a product incorporating die invention 
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[been sold, used internally in manufacturing, announced for sale, or included in a 

_ s _ ^ use in i u,i produc t announcement or pro posal planned? 
Yf Yes. identify the product if know- n and indicate the date or planned date of sale, announcements, or 




jQssestion 4 

| Was the subject matter c 



■etuion or a product incorporating your invention 
>r in the presence of non-IBMers? 



|lif yes. give a date. Piease format the dote ^ ^ ^ 



iQuestioit 5 



ilf in the text f 
eer. date di meter ; 



) > ' o n , ii m 

j CD A U. 



Question 6 

[ Was the invention, in any way, started or developed under a government contract or 



. , t ^ 

j Was the invention made in the course of any alliance, joint development or other 
I contract activities? 





J j Yanic o f Allianc e, i ,i,t or J o i o t ' \ v <- o ic 



jj< onlrac inun et 



Y ,_n_ 



J [Relation ship contact ' ______ _ 




v v v 1lO <■ \ ui . O' VI \ v 

YubiYik:;; So Oa-,ey Augy" if- ooyp :o - ;r: seV;:; -0 n-np Y.PY-.? !av Y i 



IQuestlon 9 

\kw u'i im a ^ s < i v i t < clci a hoc j n < Yosj •> 
i y 



if Yes, please provide d^e docket op disclosure n < or any oilier identifying t i ) bekn\s_ 



Vv- 1 i. > v-a \ evv\ v. ^ fv iU u- ^ th »> \ e j t J - >> 
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; SUin Idea lor Disclosure YORS-1 998-0721 
, i ^ 2 Id iH 00 AM 



Title of disclosure (isa English) 

M.eth >d for f abricating C >ie < ) 



1 ! . ? so vantages of using: 

■he invention. 

"This ■'invention describes a new method for forming and depositing thin films of crystalline 
dielectric materials. Our technique uses chemical synthesis to control the granularity and thickness 
of the dielectric films. This method has several key advantages over existing technologies, and it 
will facilitate the integration of crystalline dielectric materials into high-density memory devices. 

2. How does the invention solve the problem or achieve an advantage,^ description of "the invention", 
including figures inline as appropriate)? 

In recent years there has been significant effort focused on integrating perovskite-fype insulators 
(most notably Barium Strontium Titanate, or BST) into high-density DRAM memory structures. 
These materials are crystalline dielectrics, which exhibit large dielectric responses (relative to 
conventional amorphous dielectrics such as Si02) due to ionic displacements within their crystal 
lattice. Similarly, there have been renewed efforts to develop viable high-density, non-volatile 
.memory circuits based on ferroelectric dielectrics. Ferroelectric materials are also crystalline 
dielectrics., and they possess t he additional property of a permanent electric dipole moment. From 
a fabrication standpoint combining these dielectrics with si (icon processing poses serious 

iillci iuc m .c prope cr> :4a) structure (to obtain desired dielectric properties) requires 

high processing temperatures which can have a deteraimta! effect on other parts of the circuit. 
Also, because these dielectrics are crystalline, the film's grain structure and orientation play a 
crucial role in determining device characteristics such as leakage and polarization. In this 
Disclosure we propose a new and very general method for processing crystalline dielectrics which 
naturally avoids several of die issues hindering their integration into standard silicon processes.: 
We believe our process will be most helpful in facilitating the integration of ferroelectric thin 
films, hut it may also prove useful in processing other crystalline dielectrics such as BST. 
One mam obstacle in the development of thin perovskite insulating films is in controlling the 
film's grain structure. Upon crystallization to the perovskite phase (which is the phase needed to 
obtain a high dielectric constant), the film forms grains which are typically on the order of 0.1-1 
m i diamete lecent work has shown tat the gi n size n these film? ! ><< cu nu i 
work has been done on BSD can he influenced somwhat by film deposition conditions, 
la 1 io i in to Lie high-dielectric phase, some film** cat iu)i, w uite 

porous. Voids between grains in the dielectric; can cause electrical shorts for sufficiently thin 
"> » , 1 ! « ^ e h^i-mie i pm 'Oi as we £ temp i uikl 
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de\ let s which are roughly the -same j>ize as tile film ..granularity. 

The main integration problem for crystalline dielectrics is illustrated in Figure 1. Dielectrics of 
this type which are deposited by conventional means typically require annealing at. high 
temperatures f> 600 C) in the presence of oxygen in order to form the proper crystalline phase (i.e. 
- high dielectric phase). The consciences of this annealing step, which are shown in the Figure, 
can have a detrimental effecf on the memory device. 

iit> ^> : m ( apacitor is connected to a transistor (the wo compose the 
memory device) via a conducting plug, which is typically made of poly crystalline silicon (poly-Si) 
(see side-view in Fig. 1 ). The vertical plug allows the capacitor to be positioned directly above the 
> i ? \ sis\ 1 den.- s ^ siei i k) i ? m i k cslhe 

capacity ( tnsistor can c ide- >\ ndc on the waft surface ^ \ v ! . ! n ite lied fficu.lt> 
described here.) When this structure is heated to >600 C in an oxygen atmosphere, oxygen 
diffuses through the bottom electrode and down to the conducting plug. Once in contact with the 
plug, oxygen reacts with the Si, forming an insulating Si02 layer and effectively disconnecting the 
transistor from the capacitor. A large effort is currently focussed on developing a conducting 
barrier layer to place between the bottom capacitor electrode and the poly-Si plug. The 
requirements for such a barrier are stringent: it must : be electrical 1\ ^ ... , . vop oxygun 
diffusion, and be non-reactive with oxygen at temperatures up to >600 C. 
These problems are major obstacles to the development high-density memory devices using 
crystalline dielectrics. We now describe a technique for nsm J > - < s\ nthoM > ; form a 
.cry Stalling dielectric in solution, completely separate from the rest of the circuit. Only after the 
dielectn^ s zed and >-r> stallized m the proper form (as a uniform ensemble of nanometer- 
scale clusters) is it selectively deposited into the desired area of the silicon circuit. 




HGURE ! v - . < 

dowft to the soiy-Si pSug sat< Sead » the foi-;v^r.k>n ^ sn :rfwjlW:>g h>>.;r. wskinj; w« cicvits; i;ic4>sriiS!t. 

OUR TECHNIQUE 

In order to circumvent the problems outlined above, we propose an entirely new method for 
reffff:- , i rims m „ % s . , m electrics. Rather than reiving on more conventional techniques 
ot , i - In vV vseo >rahon. sputtei n checmcaM ou ucgo-dn >L ium e.e 

deposition), we use chemical synthesis and self-assembly to controllably produce well-ordered 
thin films. 

An outline of our technique is described as follows: Appropriate chemical precursors are reacted 
in solution to form small aggregates of the desired composition and crystal structure. By adjusting 
the chemistry in solution, we control, the maximum size of the nanoparticles, and can also prevent 
them from agglomerating by coating with an organic layer, Once the reaction is complete, the 
es c 3 be si ^-selected using centrifuge techniques. This results in a solution containing 
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isolated, 1 ghiy-i ! 

We make extremely thin films of this material by depositing the solution onto a solid substrate, 
and then evap« i iting the solvent (this stet is s sour i 1 1 ig. 2(aj) B> el oice of organic coating 
material, we eontrol the spacing between the particles, and can also selectively deposit material 

v *" < v s \ v s n rc Most importantly, the particle- ^ > m.- t •> <„ ..• close- 
packed arrays on the surface. After this step, further film processing may involve thermal 
treatments to remove the organic layer from the films (Fig, 2(b)), and also a sintering step to form 
a continuous film from the particles (Fig, 2(c)). Because the film is composed of nanopartieles and 
thus has £ urges ce area, we expec >e sint< ing temperatun or le film to be reduced fas 
below its bulk value. Notice that the trim thickness and grain size are precisely controlled by hie 
iiiikt d I „ i ! \ i i i [kk! 1 i - van be made b\ icptemig th.s 
procedure multiple times. 

It is worth, emphasizing here the .numerous advantages of this technique, and the improvements it 
offers over more conventional approaches to making thin films of cry stalline dielectrics. Most 
importantly, the formation of the correct crystal phase is done in solution, completely separate 
from the rest of the Si circuit. High-temperature annealing therefore does not impact the 
performance of the circuit, as the dielectric film is deposited into the circuit at low temperature 
and in the proper phase. This technique offers precise control of the film grain size (down to ! 
mil), which should help the formation of thin insulating dielectrics, and will be a big aid to their 
integration into nanometer-scale device structures. Additionally, tor the case of ferroelectric films, 
we can control the orientation of the grains, and can thus align the ferroelectric polarization, in the 
most desirable direction. 
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side view : 




FIGURE : i . <>, ^ , ,t t i w t ^ . t w «, ( 

* '\ H ! > < U - s , > , 

fv:; A-f> inte jg $««$* Jems a this? f8ro the <&efsssri< ' r » » 1 i n «$$ are contro(ie<f 

by i is. v {.. Ji i - > 

3. If the same advantage or problem has been identified by others (inside/outside IBM), how have those others 
solved h and does your solution differ and whs is it better? 



4. If the invention is implemented in a product or prototype, include technical details, purpose, disclosure 
details to others and the date of ihar isrspienientatibn. 
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